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© A process for converting fuel into electricity. 



© This invention relates to a process for converting 
a fuel on the basis of hydrocarbon into electricity, by 
comprising the following stages: 

a) catalytically converting (17) said fuel into an 
H 2 containing gas. 

b) passing said H 2 containing gas through at 
least one "pressure-swing" adsorption unit (7) to 
produce an H 2 gas stream of high purity, as well as 
a desorption gas, and 

c) supplying said H 2 gas stream of high purity 
^.to the anode compartments of at least one fuel cell 
^ stack (9) in operating at a temperature of at least 
~*140°C, in which electricity is generated. 
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A process for converting fuel into electricity. 



This invention relates to a process for convert- 
ing a fuel on the basis of hydrocarbon into elec- 
tricity. 

For generating electricity from fossile fuels, tra- 
ditionally power stations have been used, in gen- 
eral, in which fossile fuel, such as coal, oil, or 
natural gas, is combusted to drive either gas tur- 
bines or, after conversion of the heat into steam, 
steam turbines, which, in turn, drive electricity gen- 
erators. 

One important disadvantage of these traditional 
systems resides in the relatively low electrical effi- 
ciency of these systems. 

It has already been proposed to use fuel cell 
systems for the generation of electricity from fos- 
sile fuels. The use of fuel cells in combination with 
a H 2 producing unit has a number of clear advan- 
tages. 

In the first place, the efficiency of fuel cell 
systems ts high, especially when the various parts 
are suitably integrated. In such a case, the effi- 
ciency of the total plant may even be higher than 
the efficiency of the fuel cell stack. In the second 
place, there is obtained an electricity production 
system with a low emission of possibly harmful 
substances. In the third place, such systems have 
good "partial-load characteristics", which means 
that even at lower loads a good efficiency is ob- 
tained. In the fourth place, a modular construction 
of such systems is possible- 
Power plants based on fuel cells generally 
comprise, depending on the type of fuel, a pre- 
treatment of the fuel (desulfurization, pre-heating), 
a conversion thereof into a gas containing H 2 (for 
example by steam-reforming and/or water-shift re- 
action), cooling the gas to remove condensable 
impurities, and bringing the temperature of the gas 
to the operating temperature of a fuel cell unit. The 
resulting H 2 containing gas and an O2 containing 
gas are then supplied to the fuel cell unit in which 
the electrochemical reaction 2 H 2 + O2 — 2 H 2 0 
+ AE + AH takes place. The electrical energy is 
removed and generally converted from direct cur- 
rent into alternating current, while the heat pro- 
duced is also removed and possibly used to sup- 
plement the plant's power requirements. The H 2 
containing gases from the anode compartments of 
the fuel cells are used as a fuel gas in the H 2 
production section. 

The type of fuel cell that can be used in such a 
system is generally based on the use of phos- 
phoric acid as the electrolyte. 

Other known fuel cell types are based, for 
example, on the use of molten carbonate, solid 
oxides and solid polymers as electrolytes. 



One of the factors which have limited the ap- 
plication of fuel cells in the generation of electricity 
on a large scale is the fact that the service life of 
the fuel cells is limited. In fact, In the course of 

5 time, the fuel cells are going to give an ever lower 
efficiency, which is expressed, for example, in a 
lower voltage. When this voltage has decreased to 
about 90 to 95% of the original value, the fuel cell 
stack should be replaced. 

10 In electricity producing plants on the basis of 
fuel cells, the situation occurs that, to produce an 
optimum efficiency, the integration is extremely 
high. This means, however, that if there is trouble 
in one or more parts, or when the electricity de- 

15 mand is interrupted, often the entire plant must be 
stopped. 

It is one object of the invention to provide a 
process for converting fuel into electricity, in which 
the efficiency decreases less strongly in the course 

20 of time, so that the service life of the total stack 
becomes longer. 

It is another object of the invention to decrease 
the sensitivity to trouble or interruptions in power 
take-off of the total plant. In fact it has been found 

25 that the known electricity producing plants based 
on fuel cells have poor reliability. Both owing to 
contaminations in the supply gases to the fuel cell 
and owing to the extensive integration needed to 
reach a high efficiency, these plants permit only 

30 short times of operation without breakdown. 

The process according to the invention, com- 
prising the conversion of a fuel on the basis of 
hydrocarbon into electricity, is characterized by 
comprising the following steps: 

35 a) the catalytic conversion of said fuel into 

an H 2 containing gas, 

b) passing said H 2 containing gas through at 
least one "pressure-swing" adsorption unit to pro- 
duce an H2 gas stream of high purity, as well as a 

40 desorption gas, and 

c) supplying said H 2 gas stream of high 
purity to the anode compartments of at least one 
fuel cell stack operating at a temperature of at least 
140°C, in which electricity is generated. 

45 

The process according to the invention Is 
based on fuels such as natural gas, LPG, naphtha, 
fuel oil, petrol, diesel oil, biogas. gas from house- 
hold refuse, lower alcohols, such as methanol, 
50 and/or gas from the gasification of coal, wood and 
refuse. The use of natural gas is preferred. De- 
pending on the nature of the fuel, it may be desir- 
able for the fuel to be subjected to a pre-treatment 
to prevent, on the one hand, that the catalyst is 
poisoned or damaged in the second step, and on 
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the other hand, to provide optimum process con- 
ditions. 

Examples of such pre-treatments are desul- 
furization, heat exchange with other process 
streams, filtration (to remove dust particles), etc. 

Surprisingly it has been found that the use of 
the pressure-swing adsorption technique for the H 2 
containing gas stream results in considerable ad- 
vantages as regards the total operation of the pro- 
cess according to the invention. 

An important advantage of the invention re- 
sides in the fact that the reliability of the overall 
system has been considerably enhanced. By virtue 
of both the high purity of the feed to the anode and 
the reduced integration of the various parts of the 
plant the reliability proves to be considerably im- 
proved. In fact, up until now it has been virtually 
impossible for such systems to be kept in opera- 
tion for a reasonable period of time without trouble. 

When fuel cells are used, those skijled in the 
art would expect; on the ground of data regarding 
the operation of pressure-swing adsorption, that the 
efficiency of the process would be markedly re- 
duced, but it turns out that, owing to the integration 
of the adsorption process in the invention, unex- 
pected advantages occur. In fact, more specifically, 
the fuel cell's service life proves to be considerably 
prolonged, so that, where it was generally consid- 
ered necessary for it to be replaced after about 
40,000 hours 1 operation, this is now unnecessary. 

Especially in the case of fuel cells based on 
phosphoric acid, which, by themselves, are fairly 
insensitive to contaminations, the skilled worker 
was of the opinion that the use of H 2 of high purity 
would only have disadvantages. In particular it was 
expected that the additional purification of H 2 
would greatly detract from the overall efficiency of 
the plant. Surprisingly it has been found that when 
a pressure-swing adsorption unit is used for the 
purification of H2 the same, or virtually the same 
efficiency can be achieved, while at the same time 
some additional advantages are obtained, such as 
a longer service life of the fuel cells, a clearly 
reduced sensitivity to trouble, and a much simpler 
control of the process owing to the low degree of 
integration. 

The process according to the invention has the 
additional advantage that the fuel cell is in fact 
isolated from the H 2 production unit. This means, 
among other things, that disturbances in, and con- 
taminations from, the H 2 production unit are not 
directly passed to the fuel cell unit. Moreover, the 
pressure-swing adsorption unit can function as a 
kind of buffer between the H 2 production unit and 
the fuel cell stack, so that fluctuations in electricity 
demands can be taken up. In a preferred embodi- 
ment of the invention, additional buffer capacity 
can be provided by placing a H 2 buffer vessel 



between the PSA and the fuel cell. In this way it is 
possible, among other things, to deal with strong 
fluctuations in power demand without any prob- 
lems, and without the need of adjusting the H 2 

5 producing unit. It is then possible for the H 2 pro- 
ducing unit to be operated under optimum con- 
ditions and to deal with variations in demand by 
means of the buffer capacity. In addition, the buffer 
capacity compensates for the differences in 

10 "reaction rate" between the units referred to. 

The use of additional buffer capacity is benefi- 
cial during the starting-up of the total unit. Owing to 
the use of fuel cells operating at a high tempera- 
ture, there is the possibility of first starting up the 

is fuel cells, which subsequently produce process 
steam which is used for starting-up the H 2 produc- 
ing unit. 

Another advantage of the process according to 
the invention is that it is no longer necessary for 
20 the H 2 containing exhaust gases from the anode 
compartments of the fuel ceils to be used as a fuel 
to provide the heat for the H 2 production unit. In 
fact, in view of the composition of these gases it is 
possible for the greater part of the H 2 to be used in 
25 the fuel cells, so that only a very limited amount of 
gas needs to be discharged. This quantity is deter- 
mined by the extent of contamination in the H 2 
gas. Complete recycling to the inlet of the anode 
compartments would lead to an accumulation of 
30 impurities, which of course is undesirable and can 
be harmful. The spent gas can now, for example, 
be returned to another part of the plant. 

There is, however, a gas stream available, 
which contains H 2 , namely, the desorption gas 
35 from the pressure-swing adsorption unit, so that, in 
accordance with a preferred embodiment according 
to the invention, it is possible for this gas stream to 
be used as a fuel gas in the steam reformer. This 
has the extremely great, advantage that the up- 
40 stream section of the overall plant, the H 2 produc- 
tion unit and the pressure-swing adsorption unit, 
can be operated independently of the fuel cell 
stack. If, for some reason, the fuel cell stack must 
be taken off-stream, for example, owing to trouble 
45 occurring therein, or owing to a reduced electricity 
demand, it is not necessary to stop the entire 
upstream section. For example, the H 2 production 
unit can be adjusted to low load, and the unit can 
be kept in operation at any rate for some time 
50 through recycling the desorption gas. In such 
plants, and in particular when these are of large 
size, it is in fact extremely time-consuming and 
power-intensive for these plants to be stopped and 
re-started. The possibility of permitting the plant to 
55 operate for some time without any current being 
taken off is therefore extremely favourable. 

As stated before, the process according to the 
invention comprises in essence three different 
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stages. The first stage comprises the conversion of 
the fuel to be used, for example, a fossile fuel, into 
a hydrogen-containing gas. This conversion takes 
place in principle using a catalyst, and consists, for 
example, of a two-stage process, with catalytic 
reforming in the presence of steam taking place in 
the first stage. 

Depending on the type of fuel, the temperature 
may range of 150°C to 1200°C. Lighter fuels, such 
as methanol, require lower temperatures than very 
heavy fuels, such as fuel oil. A fuel such as naph- 
tha, is between these two. Typical temperatures for 
the steam reforming of naphtha range between 600 
and 1000°C. The pressure may range between 
about atmospheric pressure and about 50 bar. 

The fuel is then converted into a gas containing 
H 2 and CO, possibly together with a large number 
of other components. Depending on the nature of 
the fuel used and the sensitivity of the catalyst, the 
fuel may. if desired, have been subjected to a pre- 
treatment. In the literature, it is widely documented 
how such a process can be performed. 

The gas containing H 2 and CO is subsequent- 
ly, in the second stage supplied to a so-called 
water-shift reaction stage, in which the CO present 
is converted, at least in part, and while water is 
supplied, to H 2 and C0 2 . This reaction, too, is 
widely documented in the literature. 

The exact performance and conditions of the 
reaction depend upon the nature of the fuel. For 
example, when methanol is used, it is possible to 
do without the water-shift reaction, while in the 
case of coal gas, which may contain much H 2 and 
CO as it is, steam reforming need not be used. 

The conditions to be used in the two reaction 
stages described above correspond substantially 
with the conditions known from the literature for the 
production of a H 2 -containing gas. for example, for 
the methanol or ammonia synthesis. 

As the H 2 -containing gas from the H 2 produc- 
tion unit has a high temperature, it is necessary for 
the gas to be cooled to the temperature desired for 
the next stage. This can be effected, at least in 
part, in heat exchange relationship with other 
streams in the process, so that the heat present 
can be used to optimum advantage. During cool- 
ing, an amount of water is condensed, as well as 
any other condensable compounds that may be 
present. After the separation of the condensed pro- 
ducts, the H 2 -containing gas can be supplied to 
stage b) of the process. 

Depending on the pressure levels selected in 
the various process stages, it may be necessary 
for the gas supplied to the second stage to be 
increased in pressure. 

This second stage of the process according to 
the invention, stage b), comprises the purification 
of the H 2 containing gas by means of so-called 



pressure-swing adsorption. By itself, this technique 
is well known, but it has never been used in a 
process of the subject type. In the pressure-swing 
adsorption method, the H 2 containing gas stream is 

s supplied to at least one adsorption unit which con- 
tains an adsorbent, e.g., based on aluminum oxide, 
silica, zeolite, activated carbon and/or substances 
having a comparable activity, at a high pressure 
level, for example 5-50 bar. At this pressure level, a 

w preferential adsorption occurs of all components in 
the gas stream, except H 2 . As a result there is 
obtained a gas stream which consists essentially of 
H 2 and is extremely pure. Depending on the num- 
ber of adsorption units, the ratio of quantity of 

75 adsorbent to gas volume per time unit, pressure, 
temperature and the like, it is possible to produce a 
gas stream containing at least 90% by volume of 
H 2 . or even one containing less than 1 ppm of 
impurities. Preferably, a H 2 content of at least 98% 

20 by volume is aimed at. more specifically at least 
99.9% by volume, while a H 2 content of at least 
99.99% by volume is most preferred. The tempera- 
ture at which the adsorption is carried out ranges 
from 0 to 100°C, depending on the pressure and 

25 the nature of the adsorbent. 

The exact value for the quantity of impurities 
tolerated in the H 2 depends upon the economy of 
the process and on the type of fuel cell. 

As soon as the adsorption unit or units have 

30 adsorbed so much matter that the purity of the H 2 
is deteriorating, at least a portion of the adsorption 
unit is taken off-stream, and desorbed at a reduced 
pressure level. A suitable pressure level ranges 
between 0.1 and 5 bar. If desired, the temperature 

35 can be increased during the desorption. as adsorp- 
tion takes place preferentially at low temperatures, 
whereas desorption takes place preferentially at 
high temperatures. 

The desorption results in a desorption gas, 

40 which, by itself, is still rather rich in H 2 . The total 
yield of H 2 gas of high purity is, in a conventional 
pressure-swing adsorption unit, 60-95%, so that 
still rather a large amount of H 2 and other combus- 
tible components is present in the desorption gas. 

45 In a preferred embodiment of the process accord- 
ing to the invention, this desorption gas is returned 
to the H 2 production unit, where it is used as a fuel 
gas. Although it is preferred for the process to be 
so conducted that the amount of desorption gas is 

so just sufficient or too much to provide the necessary 
heat for the H 2 production, it may be desirable for 
the flexibility of the process that a portion of the 
heat required for steam reforming is supplied by 
supplementary fuel. 

55 As stated above, if desired, the pure H 2 gas 
from the PSA unit can be supplied to a buffer 
vessel for temporary storage. 

The third stage of the process according to the 
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invention is formed by the fuel cell stack, consist- 
ing of an assembly of fuel cells. 

For this fuel cell unit, fuel cells can be used 
which operate at a temperature of at least 140°C, 
preferably at least 175°C. The upper limit of the 
temperature range depends upon the type of cell 
and may be at 1100°C. Preferably, a type of fuel 
cell is used which is operative at a temperature of 
175-220°C. Suitable types of cells are the so-called 
phosphoric acid cells, molten-carbonate cells, 
solid-oxide cells and solid-polymer cells. Prefer- 
ably, a fuel cell unit is used which is based upon 
phosphoric acid cells. 

It is noted that the temperatures indicated re- 
late to the operating temperature under normal 
conditions, that is to say, that these temperatures 
do not relate to start-up and shut-down conditions, 
in which the temperature may be lower than the 
values indicated. 

In the performance of the process according to 
the invention, the highly pure H2 gas stream is 
supplied to the anode compartments of the fuel 
cells. At the same time an amount of O2 is sup- 
plied to the cathode compartments of these fuel 
cells. Depending on the type of fuel cell, use can 
be made of air. oxygen-enriched air, or even pure 
0 2 . 

It is especially when air is used as the O2 
source that it is desirable that this is filtered before 
being supplied to the cathode compartments of the 
fuel cell to remove any dust particles. 

In the fuel ceil, the electrochemical conversion 
of H 2 and O2 to H 2 0 takes place with the formation 
of heat and electric power. As the fuel cell operates 
in principle isothermically, it is necessary for the 
excess of heat to be removed. Depending on the 
temperature level at which the fuel cell is operated, 
this heat can be directly removed to the air through 
coolers, or with cooling water. When the tempera- 
ture level of the fuel cell is higher than 125°C, 
however, it is preferred for the heat to be removed 
in such a manner that steam can be formed with it. 
This steam is then, possibly after overheating, pref- 
erably used in the H 2 production unit of the pro- 
cess according to the invention. In the case of a 
low heat level, heat can possibly be used for (pre)- 
heating streams. 

As the H2 gas stream passed to the fuel cell is 
extremely pure, it is sufficient to supply a slight 
excess only, relative to the quantity needed in the 
fuel cells (for example, a H 2 consumption of 95%). 
The non-converted H2 containing gas stream can 
then be partially recycled over the cell and partially 
discharged. It is also possible, and preferred, for 
the total gas stream to be discharged. The H2 
containing gas stream which is not recycled over 
the fuel ceil is preferably returned to the process, 
for example as a fuel gas to the H 2 production unit, 



but it is also possible for the gas stream to be 
returned to the inlet to stage a) or stage b). Finally, 
the gas stream can be discharged or combusted. 
The gas stream from the cathode compartment 

5 of the fuel cells can be discharged or, with advan- 
tage, can be used as an O2 source for combustion 
gas in the H 2 production unit, provided the oxygen 
content is high enough. In this way. the total en- 
ergy present in the various process streams is 

70 used to optimum advantage. 

As the conventional types of fuel cells generate 
electricity in the form of direct current, whereas 
many electricity mains are designed for alternating 
current, it may be desirable for an electricity con- 

T5 ditioner to be coupled to the fuel cell. Such a 
conditioner not only has the task of converting the 
direct current into alternating current, but may addi- 
tionally have a function in protecting the fuel cell 
from current surges and short-circuiting. The con- 

20 ditioner may, for example, additionally comprise a 
battery buffer system, the object of which is to 
ensure that the fuel cell stack does not have over- 
voltage trouble, which may lead' to excessive corro- 
sion rates and hence shorter service life. 

25 The invention also relates to apparatus for car- 
rying out the process according to the invention, 
which apparatus is characterized by comprising 

a) means for catalytically converting fuel on 
the basis of hydrocarbon into an H 2 -containing gas, 

30 means for cooling said gas, and removing con- 
densed products from it, 

b) means for supplying said cooled gas to a 
"pressure-swing" adsorption unit, means for sup- 
plying a purified H2 gas formed therein to a fuel 

35 cell unit, and 

c) a fuel cell stack comprising a plurality of 
fuel cells operating at a temperature of at least 
140°C and each including an anode compartment 
and a cathode compartment, the anode compart- 

40 ments including means for supplying and discharg- 
ing H2 containing gas, and the cathode compart- 
ments being provided with means for supplying 
and discharging O2 containing gas. 

45 The invention will now be described with refer- 
ence to the accompanying drawings, in which two 
flow sheets are given illustrating the process ac- 
cording to the invention. The description of the 
drawings and the subsequent example should not 

50 be construed as limiting the invention in any way, 
but are given by way of illustration only: 

Figure 1 shows a general flow sheet illustrating 
a preferred embodiment of the process according 
to the invention, in which a hydrocarbon fuel is 

55 supplied through line 1 to an H2 production unit 2. 
Through line 3, fuel gas from a subsequent pro- 
cess stage is supplied to unit 2. If desired, addi- 
tional fuel for heating purposes can be supplied 
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through line 4. This may be the same fuel as that 
supplied through line 1. Through- line 5. an O2 
containing gas for the combustion of the fuel gas 
and supplementary fuel, if used, are supplied. 

The H 2 containing gas produced in unit 2 is 
passed, after cooling, separation of condensed 
compounds, and possibly compression, through 
line 6 to the pressure-swing adsorption unit 7. In 
unit 7, a gas stream is obtained consisting of highly 
pure H 2 and a desorption gas, which is returned as 
a fuel gas through line 3 to unit 2. This unit may 
comprise a buffer vessel for pure H 2 . 

The high-purity H 2 gas is supplied through line 
8 to the anode compartments of a fuel cell stack 9. 
Through line 10, an O2 containing gas is supplied 
to the cathode compartments of fuel cell stack 9. 
As a result of the electrochemical conversion of H 2 
and 0 2 into water, electricity is generated which is 
removed through 11, and heat, which is removed 
through 12, and possibly used in the plant. 

The H 2 containing gas that is not used is 
discharged from stack 9 through line 13 and can 
be returned to the process. This can be effected, 
for example, by combination with the process 
streams 1 or 6, or as a fuel gas in combination with 
stream 3. 

The 0 2 containing gas from the cathode com- 
partment of stack 9 can be discharged, or supplied 
to unit 2 through line 5. 

Figure 2 shows a flow sheet of a preferred 
embodiment of the process according to the inven- 
tion. This preferred embodiment concerns espe- 
cially a further elaboration of the H 2 production unit 
2 of Figure 1. In the following description we will 
only enter into the aspects and references not 
already discussed in relation to Figure 1 . 

The fuel based on hydrocarbon is supplied 
through line 1. to desulfurizer 15, whereafter the 
desulfurized fuel is supplied through line 16 to 
steam reformer 17. Through lines 3 and 4, fuel is 
supplied to produce the desired temperature. 
Through lines 5 and 18, 0 2 and steam are sup- 
plied, respectively. Through line 19 the resulting 
CO and H 2 containing gas is supplied to water-shift 
reactor 20. in which the greater part of the CO is 
converted into C0 2 and H 2 . If desired, additional 
steam can be supplied through line 21 . The result- 
ing gas is subsequently supplied through line 22, 
heat exchanger 23, knock-out drum 24, and line 6 
to PSA unit 7. The condensate separated in knock- 
out drum 24 is discharged through line 25. 



Example 

To a plant based on the scheme of Figure 2 
and provided with a fuel cell on the basis of phos- 
phoric acid, 100 kmoles/h of natural gas was sup- 



plied, with an energy content of 48,972 kJ/kg 
(Lower heating value). A steam/carbon ratio of 3.5 
was used in the feed to the reformer, while the 
temperature in the reformer was 780°C and the 

5 pressure 2.85 bar (absolute). The methane slip was 
0.53% (dry). 

After the shift reaction, cooling, removal of the 
condensed components, and compression, 388 
kmoles/h of hydrogen was supplied to the 

io pressure-swing unit. 310.4 kmoles/h hydrogen was 
obtained with a purity of 99.9% and passed to the 
anode compartments of the fuel cells, which had an 
operating temperature of 190°C. The direct elec- 
tricity production is 1 1 .5 MW, while 7.8 MW low- 

;5 pressure steam is generated, which is used else- 
where in the plant. 

The gas leaving the anode compartments con- 
tains about 5% of the H 2 supplied, so that about 
95% has been reacted with 0 2 . This, gas is sup- 

20 plied together with the natural gas to the steam 
reformer. 

The reformer consumed 7.8 MW in energy, 
which was largely provided by the desorption gas 
of the pressure-swing adsorption unit. As little as 

25 470 kW of power was provided by supplementary 
fuel (natural gas). The energy taken up by the 
reformer was 6.1 MW, i.e., an efficiency of 78%. 

The overall power supply to the plant was 
22.83 MW. Taking into account the energy require- 

30 ment of the plant, such as gas compression and 
pumps, of about 2 MW, the efficiency of the plant 
was 41 .1%, calculated as the ratio of the amount of 
A.C. electricity produced to the "Lower heating 
value" of the feed and fuel supplied (x 100%). The 

as efficiency of the apparatus for converting direct 
current into alternating current was 99%. 



Claims 

40 

1. A process for converting a fuel on the basis 
of hydrocarbon into electricity, by comprising the 
following stages: 

a) catalytically converting said fuel into an 
45 H 2 containing gas, 

b) passing said H 2 containing gas through at 
least one "pressure-swing" adsorption unit to pro- 
duce an H 2 gas stream of high purity, as well as a 
desorption gas, and 

so c) supplying said H 2 gas stream of high 

purity to the anode compartments of at least one 
fuel cell stack in operating at a temperature of at 
least 140°C, in which electricity is generated. 

55 2. A process as claimed in claim 1, in which 
said fuel is based on natural gas, LPG, naphtha, 
petrol, biogas, gas from household refuse, diesel 
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oil, fuel oil, lower alcohols, such as methanol, 
and/or gas from the gasification of coal, wood 
and/or refuse, and preferably natural gas. 

3. A process as claimed in claim 1 or 2, in 
which an H 2 and CO containing gas is converted in 
a shift reactor into said H2 containing gas. 

4. A process as claimed in claims 1-3, wherein 
said fuel is converted in a steam reformer into a 
gas containing H2 and CO. 

5. A process as claimed in claims 1-4, wherein 
said H2 containing gas stream from stage a) is 
cooled to a temperature ranging between 0 and 
100°C. and the condensed liquid is separated from 
the gas. 

6. A process as claimed in claims 1-5, wherein 
the H 2 containing gas stream is supplied to said 
"pressure-swing" adsorption unit, in which, at a 
high pressure level, in at least one adsorption unit, 
substantially all impurities and a portion of the H 2 
are adsorbed to form an H 2 gas stream of high 
purity, while the adsorbed components are desor- 
bed at a lower pressure level to form said desorp- 
tion gas. 

7. A process as claimed in claims 1 -6, wherein 
said desorption gas is used as a fuel gas in the 
catalytic conversion of the fuel. 

8. A process as claimed in claim 6, wherein the 
adsorption conditions are so selected that the H 2 
gas stream of high purity has an H 2 content of at 
least 98% by volume, preferably at least 99.9% by 
volume, and more particularly at least 99.99% by 
volume. 

9. A process as claimed in claims 1-8. wherein 
the adsorption is carried out by means of an ad- 
sorption unit based on aluminium oxide, silica, ac- 
tivated carbon, zeolite, and/or substances of com- 
parable activity. 

10. A process as claimed in claims 1-9, 
wherein the H 2 gas stream of high purity is passed, 
at least in part, to the fuel cell unit through a buffer 
vessel. 

11. A process as claimed in claims 1-10, 
wherein the fuel cell stack consists of fuel cells 
based on phosphoric acid. 

12. A process as claimed in claims 1-11, 
wherein the operating temperature of said fuel cells 
is at least 175°C, and more particularly ranges 
between 175° and 220°C. 

13. A process as claimed in claim 11, wherein 
the gas from the anode compartments of the fuel 
cells is returned to the inlet of stage a) or stage b). 

14. A process as claimed in claims 1-13, 
wherein the gas from the cathode compartments of 
the fuel cells is used in the conversion of the fuel 
into an H 2 -containing gas. 

15. A process as claimed in claims 1-14, 
wherein the heat produced in the fuel cell stack is 
removed and used in stage a). 



16. A process as claimed in claims 1-15. 
wherein the heat produced is converted into steam, 
which, if desired after overheating, is used in the 
H 2 production unit. 

5 17. A process as claimed** in claims 1-16, 

wherein an electricity conditioner is coupled to the 
fuel cell for converting the direct current produced 
into alternating current. 

18. Apparatus for carrying out the process as 

10 claimed in any of claims 1-17, comprising 

a) means for catalytically converting fuel on 
the basis of hydrocarbon into a H 2 containing gas, 
means for cooling said gas and removing con- 
densed products from it, 

15 b) means for supplying said cooled gas to a 

"pressure-swing" adsorption unit, means for sup- 
plying a purified H 2 gas formed therein to a fuel 
cell stack, and 

c) a fuel cell stack comprising a plurality of 

20 fuel cells each comprising an anode compartment 
and a cathode compartment, the anode compart- 
ments including means for supplying and discharg- 
ing H 2 containing gas, and the cathode compart- 
ments being provided with means for supplying 

25 and discharging 0 2 containing gas. 
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